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Abstract: This paper describes the optimization of extraction, purification and a simple high 
performance liquid chromatography with Photodiode Array (PDA) detector method for the simultaneous 
determination of five water-soluble vitamins. The water-soluble vitamins were analyzed by HPLC on a Restek 
Ultra Aqueous C18 column (250×4.6 mm, 5 m). All five water-soluble vitamins were separated in a single 
HPLC run within less than 25 min. The optimization of the HPLC separation was made using pure standards. 
The extraction and purification of vitamins B was tested from yeast products. Comparative HPLC fingerprint 
chromatograms of the samples tested were done to demonstrate that water extracts contains only small quantities 
of free vitamins (B3), meanwhile the hydrolyzed extracts gave different fingerprints. The acidic hydrolyzed 
extract was poor in vitamins while the alkaline extract contained all 5 vitamins in high concentration. 
 
 
INTRODUCTION 
As generally known, vitamins B are essential metabolic, regulatory factors necessary for 
human health and growth. Accurate quantitative measurements of vitamins in food are 
therefore useful as necessary requirement of sufficient input of vitamins (Nollet, 2000). 
Taking into account the lability of such vitamins, their content in food preparations needs to 
be checked, in order to ensure correct intake and the accuracy of the label statements. Loss of 
vitamins in food can be related to technology of manufacturing and storage (Nollet, 2000). 
Table 1. shows the principal characteristics of five representative water soluble vitamins (B 
group) which are used in this work (El-Arab, 2004; ***, 1996) 
 
Table 1. Chemical structures, basic biological activities and recommended daily doses of water soluble vitamins 
(group B).  
Vitamin Structure Active form 
Function promoted 
Recommended daily 
dose 
Nicotinic  acid 
(Vitamin B3) 
 
Nicotinamide adenine  
dinucleotide ( NAD, 
NADP) 
Coenzymes , electrons 
transfer 
15-20 mg per day 
Pyridoxine 
(Vitamin B6) 
 Pyridoxal phosphate  
Amino group transfer 
2 mg per day 
 324 
Folic acid 
 
 
Tetrahidrofolic acid 
One-carbon group 
transfer 
0,4 mg per day 
Cyanocobalamin 
(Vitamin B12) 
 Coenzyme B12 
1,2 shift of hydrogen 
atoms 
2,4 mg per day 
Riboflavin  
(Vitamin B2) 
 
Flavin mononucleotide 
(FAD), Flavin adenine 
dinucleotide (FAD) 
Electron transfer 
1,3-1,8 mg per day 
 
New techniques like high performance liquid chromatography (HPLC), connected to 
different detection are leading analytical tools for the identification, separation and 
quantification of vitamins B, as well as for other analytes due to their possibility of accurate 
separation and quantification (Jedlicka, 2005; Klejdus, 2004; Nollet, 2000).  
Vitamins B analysis was performed generally on pure mixtures, tablets, 
pharmaceuticals formulas but also on some food products (Ivanovic, 1999; Juraja, 2003; 
Swan-Choo, 1996). Considering that vitamins are linked to complex supramolecular 
structures like proteins in food (vitamers), their extraction from complex food matrices and 
their analysis becomes difficult (Amidzic, 2005; Anyakora, 2008; Argoudelis, 1997; 
Vukasinovic, 2007). 
We developed and optimized different procedures to extract, separate and identify five 
vitamins B, such as nicotinic acid (Vitamin B3), pyridoxine (Vitamin B6), folic acid, 
cyanocobalamin (Vitamin B12) and riboflavin (Vitamin B2) found in yeast products. 
 
MATERIALS AND METHOD 
 
1. Instrumentation and chemicals 
A High performance liquid chromatograph (HPLC, Szimatsu) coupled with a Photo Diode 
Array (PDA) detector was used. Organic solvents of HPLC grade, such as Methanol and 
amonium acetate were obtained from Merck (Darmstadt, Germany). Water used as eluent for 
analysis was filtered by a Millipore system. 
All water soluble vitamins: nicotinic acid, pyridoxine, folic acid, cyanocobalamin and 
riboflavin were purchased as pure standards from Sigma Aldrich (Germany).  
 
2. Preparation of standard solutions and curve 
The aqueous stock solutions (1,2mg/mL) of each vitamin were prepared every week, kept in 
refrigerator, in an aluminium foil, protected from light. and working standards (in the range of 
0.15 – 1.2 mg/mL), were used daily by appropriate dilution of the stocks. The standard curves 
were made by running min. 4 different concentrations of each vitamin on HPLC system.  
 
3. Chromatographic HPLC protocol 
For the separation of the five B vitamins B, a Restek Ultra Aqueous C18 column (250×4.6 
mm, 5 m) was used at ambient temperature. The mobile phase consisted of 0.05 M 
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CH3COONH4/ CH3OH (99/1) (A) and H2O/ CH3OH (50/50) (B) at a flow rate of 0.8 mL/min. 
The injection volume was 20 µL. A multi step gradient was optimized. The first system (I) we 
used solvents A: B (99:1) and eluted isocratically for 4 minutes, then increased linearly to 
reach 100% of solvent B during 18 minutes. Finally, the elution was again isocratic for 8 
minutes. A 5 minutes equilibration time was performed between injections. The second 
system (II) started with the same composition A: B (99:1), isocratic for 3 minutes then 
increased linearly up to 100% solvent B during 12 minutes and finally, isocratic for 10 
minutes. The third gradient system (III) started at A: B (99:1), isocratic for 3 minutes, then 
increased linearly to 100% solvent B during 10 minutes, finalized by an isocratic elution for 3 
minutes and decrease linearly to reach 100% A for 9 min.  
The PDA detection was monitored at 265 nm for riboflavin, 260 nm for nicotinic acid and 
pyridoxine, 230 nm for cyanocobalamin and 280 nm for folic acid. Identification of resolved 
peaks in real sample was made by comparing their spectra with those derived from standard 
solution. 
 
4. Yeast sample preparation 
Two types of fresh beer yeasts were used in this study, both purchased from a local beer 
factory: beer yeast from the primary fermentation (PF) and the second from secondary 
fermentation (SF). Both were stored at 8 °C and were taken out just before running the 
experiment to avoid contamination and the reduction of its enzyme activities. Samples of 
yeast tablets purchased from DROFA (Germany) were also analyzed. 
The samples were either analyzed as water extract or after hydrolysis. The samples hydrolysis 
was done  in sodium hydroxide (NaOH) 1N (alkaline hydrolysis) or in tricloracetic acid 5% 
(TCA) (acidic hydrolysis)  for 1 hour, 6 hours and 24 hours first at room temperature and then 
at 50 ºC. After acid hydrolysis the pH was adjusted to 6.8 using NaOH 1N in the mobile 
phase and with HCl 1N after alkaline hydrolysis. Before to HPLC injection, the samples were 
centrifuged and then filtered through Teknokroma syringe filters (0.2 µm). 
 
RESULTS AND DISCUSSION 
 
1. Optimization of HPLC separation of five vitamins B using pure standards. 
 
After testing the 3 protocols of separation (I-III), the optimum results with well-separated 
symmetric peaks of individual B vitamins were for system II. Fig. 1 represents the HPLC-
PDA chromatogram of the stock solution of mixed standards (B1, B3, B6, B2 vitamins and 
folic acid) containing 1, 2 mg/mL of each vitamin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  HPLC chromatogram of a mixture of pure standards of vitamins B3, B6, folic acid, B12 and B2 at 260 nm 
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At first, the HPLC analysis was performed using individual standard solutions, and then 
mixed standards, as presented in Fig. 1. We selected the most suitable absorption wavelength 
in order to obtain their simultaneous detection since their spectral properties differ very 
seriously. For the same concentration, due to their different individual molar coefficient of 
absorption, the peak intensity was different at 260 nm, the highest being for folic acid and 
lowest for vitamin B12. Therefore, were tested the best wavelengths for each vitamin 
absorption in the UV spectral range (190–400 nm) for the detection of Vitamin B3, B6, folic 
acid, B12 and B2 according to their retention time and their spectral characteristics as shown in 
Table 2.   
 
Table 2. Specific spectral maximum absorption and retention time for five vitamins B. 
Signal Rt Maximum 
absorption (nm) 
Vitamin type 
1 7.128 215, 262 Vitamin B3 
2 14.353 325 Vitamin B6 
3 16.806 281 Folic acid 
4 22.84 231, 361 Vitamin B12 
5 24.87 268 Vitamin B2 
 
2. HPLC analysis of vitamins B from yeast tablet in water and hydrolyzed extracts  
 
Figure 2 (A and B) presents the HPLC chromatogram of the yeast tablet extracted in water 
solution at room temperature (A) and after acid or alkaline hydrolysis respectively (B). When 
water extraction was used (Fig. 2A), the chromatogram was very complex and difficult to 
identify, only one of the vitamins (in free form) can be identified, vitamin B3. In order to 
determine the total vitamin content, by release of vitamins from their vitamers (complexes 
with proteins), the extraction was done after acid or alkaline hydrolysis. Good results were 
obtained with NaOH 1N and TCA 5% at 50 ºC for an hour as shown in figure 2B.  
A comparison between figure 2A and 2B indicate that the best chromatographic separation of the 
B vitamins was obtained when the yeast tablets were extracted under alkaline conditions.  
 
              A.     B.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. HPLC chromatogram of free vitamins and other components from yeast tablet extracted in water (A), 
Comparative HPLC chromatograms obtained from hydrolyzed yeast tablet in acid or alkaline conditions (B) 
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If by simple water extraction we observed only the presence of vitamin B3 in the yeast tablet 
chromatogram (fig. 2A), after acid hydrolysis only traces of vitamin B2 were observed. The 
alkaline hydrolysis gave the most reliable data, all the vitamins being detected, excepting folic 
acid (Fig. 2B).   
 
3. Comparative HPLC fingerprints of bear yeast originating from PF and SF. 
 
The PF and SF samples were hydrolyzed and the identification of all five vitamins according 
to their HPLC chromatograms are shown in fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Characteristic HPLC chromatograms of PF and SF after alkaline hydrolysis. Vitamins identified: B3, 
B6, folic acid, B12 and B2. 
 
The HPLC fingerprint of the beer yeast extracts shows a good similarity between the overlaid 
chromatograms. Differences were observed for the peak intensities, higher for the PF beer 
yeast extract. Vitamins B3 had the most intense signals followed by folic acid and B6. 
Vitamins B12 and B2 with very low signals indicate small quantities in PF extract and only 
traces in SF beer yeast extract. The vitamin identification was based on their spectrum 
maximum absorption, on their retention time and confirmed by co-chromatography of 
samples with pure standards.  
 
CONCLUSIONS 
 
In this work we optimized the protocols for HPLC separation of five water soluble B 
vitamins: nicotinic acid, pyridoxine, folic acid, cyanocobalamin and riboflavin as pure 
standard solution, using an original and optimized protocol. 
Same vitamins were analyzed differently, as water extracts or as acid or alkaline hydrolyzed 
extracts. The water extracts contains only small quantities of free vitamins (mainly vitamin 
B3), while the hydrolyzed extracts gave complex and different fingerprints. The acid 
hydrolyzed extract was poor in vitamins while the alkaline extract contained all 5 vitamins in 
high concentration. Vitamins B3 gave major signals comparing with folic acid and B6 and 
vitamins B12 and B2 with very low signals. Generally, the vitamins B were in higher 
concentrations in PF extract than in SF extract.  
Further studies will focus on quantitative evaluation (and limit of HPLC detection) of such 
vitamins in yeast or other food matrices. 
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